Volatile compounds emitted by elderflowers (Sambucus nigra L.) at various stages (blooming on the bush, and at different stages after harvesting) were analyzed to investigate changes in the composition of volatile profiles induced by two drying procedures. Solid-phase microextraction and simultaneous distillation-solvent extraction were used for concentration of volatiles. Analyses of extracts were performed using gas chromatography coupled with a mass spectrometer or a flame ionization detector. On-site field sampling of volatiles followed-up by chromatographic analysis provided interesting information, including insect pheromones from 55 % to 79 % of the total peak area in the GC/MS chromatograms. Composition of aroma compounds of harvested elderflowers was strongly influenced by the type of drying procedure, where the content of some volatiles decreased and some substances even occur due to ongoing physicochemical processes. Changes in volatile profile caused by harvesting were also observed.
Sambucus nigra L. (elderberry bush) is a bush or small tree, usually not higher than 10 meters. The leaves have several leaflets (usually [5] [6] [7] [8] [9] . Each leaf is up to 30 cm long, and the leaflets have serrated margins. They bear large clusters of small white or cream-colored flowers in late spring; these are followed by clusters of small black, blue-black, or red berries (rarely yellow or white). The inflorescence of elderflowers is flat cymose corymb with 5 rays, flowers are white, and fruits are black berries. Sambucus nigra L. is commonly used for medicinal purposes. Historically, the leaves were considered to relieve pain and promote healing when applied as a poultice. Flowers and fruits of Sambucus nigra L. have been used successfully for centuries for medicinal purposes, to prepare teas, wines and liquors. Traditional folk medicine uses the infusion from dried flowers because of its diuretic effects, reducing fever, promoting perspiration and moderating cough. The cooled unsweetened infusion is also a remedy for digestive problems, nausea, or insufficient activity of the gallbladder, and is also used against migraine and ischiatic inflammations. The leachate from the flower is used in cosmetics as a spotty skin lotion [1] . Extracts from elderberries take part in commercial products used as immune stimulants, or to treat the symptoms of flu, cold or virus infections.
Flowers and berries of Sambucus nigra L. are a rich source of phenolic compounds including, flavonoids, flavonols and phenolic acids [2] [3] [4] [5] , as well as volatile compounds. The composition of volatiles of elderflowers and elderberries from different origins and matrices (teas, juices, syrups, wine) has been studied [6] [7] [8] [9] [10] . (Z)-Rose oxide, nerol oxide, hotrienol, and nonanal were assigned as contributors of the characteristic elderflower odour, whereas characteristic elderberry odour was due to dihydroedulan and β-damascenone [6, 7] . In the case of elderflowers, linalool, α-terpineol, 4-methyl-3-penten-2-one, and (Z)-β-ocimene contributed floral notes, whereas fruity odours were associated with pentanal, heptanal, and β-damascenone. Fresh and grassy odours were primarily correlated with hexanal, hexanol, and (Z)-3-hexenol [7] , however these results could be affected by processing of elderflower drinks. Hotrienol, palmitic acid, linalool, (Z)-hexen-3ol, and (Z)-and (E)-rose oxides were the major constituents of steam-distilled essential oils of dry elderflowers [11] .
Volatile aroma compounds are the most sensitive components in the process of food drying [12] . The loss of volatile constituents from herbs depends mainly on the drying parameters and the biological characteristics of the plants. Drying is an important preservation method for plant material, as it inhibits enzymatic degradation and limits microbial growth [13] . In the case of elderflowers, ambient air-drying is the traditional technique, but this drying process is relatively slow. An alternative method is oven drying. In both cases, there is no information in the literature about the effect of drying conditions on the quality of volatile composition of elderflowers.
The extraction method before chromatographic analysis of volatile constituents is very important. Headspace-solid phase microextraction (HS-SPME) and simultaneous distillation-solvent extraction (SDE) are techniques which are often used for extraction of volatile compounds of plant aroma. HS-SPME is very dependent on the volatility and concentration ratio of aroma compounds, whereas SDE give very good recoveries. Both methods were used for extraction of volatile compounds in order to describe changes in volatiles composition caused by two different methods of drying of black elder florets, at laboratory temperature and at 45 °C in an oven.
In the work of Kaack [14] there were specified relationships between odour characteristics of volatile compounds and the sensory importance in products of elderberry bushes (summarised results from various works [6, 7, 11, 15, 16] ) and relationships between sensory quality and volatile compounds of elderflower extracts. All 30 compounds mentioned as characteristic for elderberry and elderflower products, and 23 from 29 for elderflower extracts, respectively, were confirmed as volatile profile constituents of elderflowers in our work (except 1-penten-3-on, (Z)-3-hexenyl acetate, hydroxylinalool, α-phellandrene, α-terpinene and terpinolene). Twenty from the mentioned 23 compounds were identified in the essential oils, and three compounds in the hydrolates. Special attention was given to those 20 compounds (3-methyl-1-butanol, 2-methyl-1-butanol, Volatile profiles of four cymose corymbs (labelled EF1-EF4) were examined to determine the main volatile compounds emitted by flowering elderberry bushes. Identified compounds are summarized in Table 1 . The highest response in the GC/MS chromatograms were for the insect pheromones, the methyl esters of the amino acids valine, leucine and isoleucine (most likely the L-enantiomers, as all proteinogenic amino acids occur as L-form), linalool and linalool oxides [17] [18] [19] . These substances formed from 55 % to 79 % of the total peak area in the GC/MS chromatograms. Another compound with high response was 2,6-bis(1,1-dimethylethyl)-4-(1oxopropyl)phenol (RI = 1637), which is a constituent of the volatile profile of Luculia pinceana at the full-flowering stage [20] and a volatile constituent of fresh Astragali radix (the root of Astragalus membranaceus) [21] . Another group of compounds with high response were aliphatic hydrocarbons (2.9 -10.2 % of TIC area) and esters (1.0 -8.8 % of TIC area).
Changes in the composition of volatiles before and after harvest (time period ca 3 hours) of elderflowers were determined by HS-SPME followed by GC/MS. Within three hours from the harvest significant changes in composition of volatile profile were observed. Forty four compounds were assigned in the volatiles emitted by elderflowers before harvesting. From this group only 23 compounds were detected after three hours from harvest. The greatest change in the number of compounds was observed in the case of carbonyls (from 7 to 1) and aliphatic hydrocarbons (from 11 to 5). Other 34 compounds appeared (not assigned before harvest); the highest increase was recorded for the terpene compounds (from 11 to 26; 16 new terpenes appeared in comparison with analysis before harvest) and esters (from 8 to 11; 5 new). There was observed a decrease in the relative content of the aforementioned pheromones. On the other hand, the relative content of linalool and linalool oxides remained similar. As the number of terpene compounds increased then their total relative content also increased. It seems that this is the result of induced response of the plant to biotic stress (plant damage). Injuries to plant tissues cause a wide array of plant responses and can also cause increases in secondary metabolites [22] . All assigned compounds are listed in Table 1 . Specification of the extracts is described in Table 2 . 
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Natural Product Communications Vol. 12 (12) 2017 1939 elderflowers dried at laboratory temperature and at ambient conditions Generally, the total peak area (TPA) in the GC/FID chromatograms of extracts obtained from dried elderflowers (SDE2, SDE3) decreased when compare with fresh elderflowers (SDE1). TPA decreased almost by 15 % in chromatograms of SDE3, and almost by 45 % in chromatograms of SDE2. However, this does not mean that the contents of the volatiles only decreased during the drying procedure. The total volatile profile is a mixture of classes of substances and their content varies during drying due to current physicochemical processes. The content of some volatiles decreased to below the detection limit of the method, and some substances even occur during drying.
A total of 126 volatile compounds (Table 3) were identified in at least one of the extracts. The content (peak area GC/FID) of most substances is reduced during drying in the laboratory but less than during drying at 45 °C in an oven (mainly terpenes, apocarotenoids, esters, aliphatic hydrocarbons). The largest percentage decrease was observed for the esters. For example, neryl isovalerate which formed 3.7 % of the total peak area of GC-FID chromatogram of fresh flowers extracts was not identified in both dried flowers extracts. Among the esters of fresh flowers was also recorded the presence of methyl L-isoleucinate (0.2 %), the content declined rapidly during drying. Together with methyl L-isoleucinate some other related insect pheromones were observed in low concentrations and their contents significantly decreased in dried flowers.
Another situation occurred for the higher alcohols, carbonyl compounds and fatty acids. The total peak area of alcohols changed minimally during drying at laboratory temperature (an increase of 7.5 %). When drying in the oven, the peak area for the alcohols decreased by 36.6 %. Carbonyl compounds showed a similar trend to that of the alcohols, but with higher changes (increase of peak area by 38.3 % by drying at laboratory temperature, and decrease by 39 % after drying in an oven). In the case of fatty acids, only an increase of peak area supervened (almost twofold during oven drying (1.9x), and more than threefold (3.3x) at room temperature drying). This phenomenon occurs probably due to partial hydrolysis of esters (releasing alcohols and fatty acid), and by oxidation of aliphatic hydrocarbons (the result of the oxidation of aliphatic compounds is a mixture of alcohols, carbonyl and carboxyl compounds) which formed 34 % of the extract from fresh flowers. It was assumed that a similar increase of peak area, as in the case of the fatty acids, was not observed in the case of alcohols because the resulting alcohols are substantially more volatile than fatty acids, and also because they can be further oxidized to carbonyl or carboxyl compounds. Large amounts of free fatty acids in the essential oil from dried elderflowers was also noticed by Toulemonde and Richard [11] . It seems that the content of free fatty acids increase with the time of drying.
2-Pentylfuran and (E)-2-(2-pentenyl)furan were identified in samples of dried elderflowers, but not in samples of fresh elderflowers. These compounds are formed in the presence of chlorophyll and light from linoleic acid [23] . The content of these two compounds was two and half times higher in elderflowers dried at laboratory temperature. Although SDE1 was obtained from elderflowers after only 4 hours from harvest, there are some differences when we compare the major volatiles of flowering elderflowers and the volatile profile of SDE1. Only one amino acid methyl ester (methyl L-isoleucinat) was detected in SDE1. Moreover, (E)-linalool pyranoxide was not observed, while 2,6-bis(1,1-dimethylethyl)-4-(1-oxopropyl)phenol, which had the Table 4 ) were not detected in SDE extracts. Organoleptic characters of food and beverages are partially derived from the volatile components. In the case of elderflower, the infusions are usually prepared from dried flowers. Therefore, the drying process of elderflower is quite important for the quality of the prepared beverage. The aim of this work was to obtain information about changes in the composition of volatile compounds due to drying of elderflowers in the light at laboratory temperature and in the oven at 45°C. Changes in volatile profiles of fresh (3 hours after harvesting) and dried elderflowers were observed using SDE as a method for detection of volatile compounds. There were also registered changes in the composition of volatile profiles caused by harvesting of elderflowers. This data was obtained by on-site field sampling on elderberry bushes and by extraction of volatiles from harvested elderflowers, both by using HS-SPME.
composition of the hydrolate was determined by use of SPME. 1.5 mL of hydrolate was transferred into 2 mL vial. The vial was then closed by a cap with a teflon septum. The extraction was carried out by immersing a 100 µm PDMS fiber into the hydrolate at 30°C for 60 minutes, the sample was stirred. After that, the volatile compounds were desorbed from the fiber in the GC injector port, set up at 200 °C.
Analysis of volatiles:
Gas chromatograph GC-2010 Plus coupled to mass spectrometry detector TQ-8030 and auto-sampler AOC-5000 Plus (all from Shimadzu, Kyoto, Japan) was used for the analyses. Separations were carried out in capillary column Zebron ZB-5HT Inferno (30 m x 0.25 mm; 0.25 µm) from Phenomenex (Torrance, CA, USA). Helium 5.0 (Linde Gas a.s., Prague, Czech Republic) was used as a carrier gas at a constant linear velocity of 30 cmꞏs -1 . An injection port was maintained at 200 °C. The temperature gradient was programmed as follows: the initial temperature 40 °C was held for 3 min and then increased by a rate of 2 °C/min up to 200 °C (40 min). The mass spectrometer was operated in the electron ionization (EI) mode (70 eV) and in the full scan mode over a mass range of m/z 33-500. Temperatures of interface and ion source were maintained at 200 °C. The mixture of n-alkanes was injected using the above-mentioned temperature program in order to calculate the retention index (RI) for each peak [24] . Identification of the components was done by comparison of mass spectra of standards (if available) or mass spectral fragmentation patterns stored in MS data libraries NIST 11 (Gaithersburg, MD, USA) and FFNSC 2 (Shimadzu, Kyoto, Japan), and verified by comparison of RI of identified compounds to published data [25] and/or RI from MS data library FFNSC 2.
A Shimadzu GC 2010 gas chromatograph with flame ionization detector (FID) was used for semiquantitative determination of individual constituents. 1-Decanol was used as internal standard.
The detector temperature was set on 220°C. Conditions of measurements, including the column type and column temperature, the injector temperature, split ratio, carrier gas and the linear velocity, were set the same as those of GC/MS analysis.
